Award  Number:  DAMD17-99-1-9194 


TITLE:  Insulin  Like  Growth  Factor  I  Receptor  Function  in 

Estrogen  Receptor  Negative  Breast  Cancer 


PRINCIPAL  INVESTIGATOR:  Michele  K.  Dougherty 


CONTRACTING  ORGANIZATION:  Georgetown  University  Medical  Center 

Washington,  DC  20057 


REPORT  DATE:  July  2001 


TYPE  OF  REPORT:  Annual  Summary 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author  (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


20011127  130 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  074-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 
the  data  needed,  and  completing  and  reviewing  this  collection  of  informaUon.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503  _  ■ 

1.  AGENCY  USE  ONLY  (Leave  blank)  I  2.  REPORT  DATE  I  3.  REPORT  TYPE  AND  DATES  COVERED 


July  2001 


Annual  Summary  (1  Jul  00  -  30  Jun  01) 


4.  TITLE  AND  SUBTITLE 

Insulin  Like  Growth  Factor  I  Receptor  Function  in  Estrogen 
Receptor  Negative  Breast  Cancer 

5.  FUNDING  NUMBERS 

DAMD17-99-1-9194 

6.  AUTHOR(S) 

Michele  K.  Dougherty 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

8.  PERFORMING  ORGANIZATION 

Georgetown  University  Medical  Center 

Washington,  DC  20057 

E-Mail:  doughemk@georgetown.edu 

REPORT  NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAMEIS)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 


12b.  DISTRIBUTION  CODE 


1 3.  Abstract  (Maximum  200  Words)  (abstract  should  contain  no  propnetarv  or  confidential  information) 

The  development  of  estrogen  receptor  (ER)  negative  breast  cancer  is  associated  with 
development  of  alternate  growth  regulatory  pathways .  Three  in  vitro  models  of  ER+  and  ER- 
breast  cancer  were  evaluated  for  expression  and  activation  of  MAP  kinase  and  p70/S6 
kinase  as  possible  growth  regulators  in  ER-  breast  cancer.  Despite  decreased  activity  of 
MAP  kinase  in  ER-  cells,  growth  of  these  cells  is  entirely  dependent  on  signaling  through 
MAP  kinase  as  determined  by  analyzing  growth  in  the  presence  of  U0126,  A  MAP  kinase 
inhibitor.  Even  though  activity  of  p70/S6  kinase  is  maintained  in  ER-  cells,  growth  is 
not  affected  by  inhibition  of  p70/S6  kinase.  These  results  suggest  that  signaling  through 
the  Ras/Raf/MAP  kinase  pathway  is  critical  for  the  growth  of  ER-  breast  cancer  cells. 


14.  Subject  Terms  (keywords  previously  assigned  to  proposal  abstract  or  terms  which  apply  to  this  award)  15.  NUMBER  OF  PAGES 

Breast  cancer  _ _ 

16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  I  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified  Unlimited  _ 

NSN  7540-01  -280-5500 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


Table  of  Contents 


Cover . 1 

SF  298 . 2 

Table  of  Contents . 3 

Introduction . 4 

Body . —5 

Key  Research  Accomplishments . 11 

References . 12 


3 


Introduction 


Progression  of  breast  cancer  from  an  estrogen-dependent,  ER  positive  status  to  an 
estrogen-independent,  ER  negative  status  is  the  focus  of  much  current  research. 
Observations  made  both  from  in  vitro  models  and  clinical  research  indicates  that 
upregulation  of  growth  factor  signaling  pathways  is  correlated  with  the  progression  to 
estrogen  independence  and  loss  of  estrogen  receptor  expression.  Increased  levels  of 
MEK  and  Raf-1  as  well  as  increased  MAP  kinase  activity  has  been  observed  in  breast 
cancers  compared  to  normal  breast  tissue,  indicating  that  hyperactivation  of  growth 
signaling  pathways  both  at  the  cell  surface  and  intracellularly  is  an  important  factor  in 
breast  cancer  progression  Increased  expression  of  both  the  erbB2  and  EGF  receptors 
is  observed  in  ER-  breast  cancer  In  vitro  models  where  these  growth  factor  receptors 
have  been  over-expressed  in  the  ER+  MCF-7  cell  line  suggest  that  increased  signaling 
through  growth  factor  receptors  is  an  important  step  in  the  path  to  estrogen  independence 
More  recently,  increased  MAP  kinase  activity  has  been  shown  to  contribute  to  the 
loss  of  ER-  expression  in  vitro 

The  T47D:A18,  MCF-7  and  ZR-75-1  cell  lines  along  with  their  ER  negative 
coimterparts,  all  derived  by  selecting  for  cell  growth  in  the  absence  of  estrogen,  provide 
models  for  further  examining  the  status  of  growth  factor  signaling  pathways  in  ER-  breast 
cancer.  Preliminary  data  suggests  that  the  ER-  2W,  LCC3  and  C4-12  cell  lines  have 
decreased  MAP  kinase  activity  compared  to  the  parental  ER  +  cell  lines  but  maintain 
MAP  kinase  expression  at  levels  similar  to  the  parental  cell  lines.  This  observation 
indicates  these  cells  may  not  be  dependent  on  the  MAP  kinase  pathway  for  growth. 
Further  evaluation  of  these  cell  lines  using  western  blot  analysis  has  revealed  that  both 
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A18  and  2W  cells  have  increased  levels  of  p70/S6  kinase  activity.  p70/S6  kinase  is  a 
component  of  the  PI-3-kinase  pathway  which  is  activated  by  ser/thr  phosphorylation  ’  . 
Both  Akt  and  phosphatidyl  inositide  dependent  kinase  I  (PDKI)  have  been  shown  to 
mediate  activation  of  p70/S6  kinase  Activation  of  p70/S6  kinase  facilitates 

phosporylation  of  the  ribosomal  S6  subunit  and  subsequently  protein  synthesis 
p70/S6  kinase  is  primarily  activated  during  the  GO/Gl  and  Gl/S  phase  transition, 
suggesting  a  role  in  cell  cycle  progression  Additionally,  a  recent  analysis  has 
demonstrated  gene  amplification  in  59%  of  breast  tumors  examined  and  this 
amplification  was  associated  with  a  poorer  prognosis  While  no  correlation  with  ER 
status  was  observed,  this  observation  suggests  that  S6  kinase  may  play  an  important  role 
in  breast  cancer  progression  Expression  and  activity  of  S6  kinase  in  breast  cancer 
contributes  to  breast  cancer  progression  and  represents  an  alternative  growth  pathway  by 
which  breast  cancer  cells  can  achieve  estrogen  independence. 

Results 

Alternate  Signaling  Pathways  MAP  kinase  activity  was  assessed  by  western  blot  using 
phospho-specific  antibodies  that  detect  the  activated  form  of  MAP  kinase  (Figure  1,  lower 
panel).  MAP  kinase  expression  was  maintained  at  equal  levels  in  all  cell  lines  analyzed  (Figure 
1,  upper  panel)  but  total  MAP  kinase  activity  was  decreased  n  the  ER-  cell  lines,  T47D:C4:2W, 
LCC3  and  ECMCF-7.  The  decreased  MAP  kinase  activity  observed  in  the  ER-  breast  cancer  cell 
lines  studied  here  suggested  increased  dependence  on  alternate  growth  regulatory  pathways.  A 
second  major  signaling  pathway  that  receives  signals  from  receptor  tyrosine  kinases  is  the  PI-3 
kinase  pathway.  While  the  activity  of  this  pathway  has  been  traditionally  associated  with  cell 
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Figure  1  MAP  kinase  activity  is 
decreased  in  ER-  breast  cancer  cells. 
1)T47D:A18  2)T47D:C4:2W 
3)T47D:C4:9W  4)T47D:C4:10W 
5)ZR-75  6)  LCC3  7)  WWMCF-7 
8)  ECMCF-7  9)  MCF-7  10)MDA- 
231 


survival,  elements  of  the  pathway,  such  as  p70/S6  kinase  can 
impact  growth  regulation  and  cross-talk  between  the  PI-3 
kinase  and  MAP  kinase  pathway  has  been  demonstrated  in 
several  cell  types,  including  breast  cancer  cells.  The  PI-3 
kinase  pathway  was  assessed  by  western  blotting  for 
expression  and  activation  of  P70/S6  kinase  in  each  model. 
p70/S6  kinase  is  phosphorylated  on  multiple  residues 


by  a  number  of  kinases,  including  Akt,  PDK-1  and  mTOR.  Expression  of  p7-/S6  kinase  was 
assessed  by  western  blot  analysis  (Figure  1,  upper  panel).  Activation  of  p70/S6  kinase  was 
determined  by  phospho-specific  western  blotting  with  antibodies  against  phospho-Thr389,  a 

residue  necessary  for  activation  of  kinase  activity  (Figure  2, 
lower  panel).  Expression  of  p70/S6  kinase  was  maintained  in 

both  the  T47D  and  ZR-75  models  (Figure  2,  upper  panel). 
Increased  expression  was  observed  in  ER-  ECMCF-7  cells 
compared  to  the  parental  ER+  MCF-7  cell  line  (Figure  2, 
upper  panel).  The  ER+  T47D:A18  cells  and  ER-  2W  cells 
had  similar  amounts  of  activated  p70/S6  kinase  (Figure  1,  lower  panel)  .  A  slight  decrease  in 
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Figure  2  p70/S6  kinase  activity 
is  decreased  in  ER-  breast  cancer 
cells. 

1)T47D:A18  2)T47D:C4:2W 
3)T47D:C4:9W  4)T47D:C4;  1 OW 
5)ZR-75  6)  LCC3  7)  WWMCF-7 
8)  ECMCF-7  9)  MCF-7 


activated  p70/S6  kinase  was  observed  in  ER-  LCC3  cells  compared  to  the  parental  ER+  ZR-75 
cell  line  (Figure  2,  lower  panel).  Finally,  in  the  MCF-7  model,  ER-  ECMCF-7  cells 
demonstrated  an  increase  in  activity  (Figure  2,  lower  panel)  but  these  cells  also  had  increased 
expression  so  that  there  was  no  relative  change  in  activity  between  the  two  cell  lines  in  this 


model. 
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The  impact  of  p70/S6  kinase  activity  on  growth  was  determined  by  evaluating 
proliferation  in  the  presence  of  rapamycin.  Rapamycin  is  a  specific  inhibitor  of  mTOR,  the 
mammalian  target  of  rapamycin,  which  participates  in  the  activation  of  p70/S6  kinase  by 
mediating  phosphorylation  of  a  Thr389,  shown  to  be  necessary  for  full  activation  of  kinase 
activity.  Treatment  of  T47D  cells  with  200nM  rapamycin  for  1  or  24  hours  results  in  a  complete 
loss  of  T389  phosphorylation  (Fig  inset).  Growth  in  the  presence  of  200nM  rapamycin  is 
inhibited  in  the  ER+  T47D:A18  cell  line,  but  no  the  ER-  2W  clone.  Similar  results  were 
observed  in  the  ZR-75  model,  ER+  ZR-75  cells  were  grovrth  inhibited  in  the  presence  of 
rapamycin  while  the  ER-clone,  LCC3,  maintained  normal  growth  rates.  The  MCF-7  model 
differed  from  the  T47D  and  ZR-75  model  since  growth  of  both  the  ER+  MCF-7  cells  and  ER- 
ECMCF-7  cells  was  inhibited  by  rapamycin.  The  results  suggest  that  despite  the  presence  of 
active  p70/S6  kinase  in  ER-  2W  and  LCC3,  these  cells  are  not  dependent  on  p70/S6  kinase  for 
growth.  Therefore,  it  was  important  to  determine  what  the  critical  growth  pathway  in  these  cells 
was. 

Similar  experiments  were  performed  in  the  presence  of  UO 126,  a  specific  inhibitor  of 
MEKl/2,  the  upstream  activator  of  MAP  kinase.  Western  blot  analysis  demonstrates  that  MAP 
kinase  activity  in  T47D  and  MCF-7  cells  is  abrogated  by  treatment  with  lOuM  U0126  for  24 
hours  (Fig).  MAP  kinase  activity  in  ZR-75  cells  is  abrogated  by  treatment  with  25uM  U0126 
for  24  hours  (Fig).  Growth  was  inhibited  by  U0126  treatment  in  all  of  the  cell  lines  examined, 
regardless  of  the  ER  status  (fig),  demonstrating  that  despite  the  decreased  MAP  kinase  activity 
observed  in  the  ER-  cell  lines,  this  pathway  still  remains  the  critical  growth  pathway  in  ER- 
breast  cancer  cells. 
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Conclusions 


The  results  presented  here  demonstrate  changes  in  the  activity  of  growth  regulatory 
pathways  in  ER-  breast  cancer  cells.  Multiple  growth  regulatory  pathways  are  functional  in  ER+ 
cells  as  demonstrated  by  sensitivity  to  inhibitors  of  MAP  kinase  and  P70/S6  kinase.  In  contrast, 
ER-  cells  exhibited  changes  in  the  activity  of  MAP  kinase  and  in  some  cases,  of  p70/S6  kinase. 
Despite  the  decrease  in  activity  of  MAP  kinase,  the  ER-  cells  were  solely  dependent  on 
activation  of  this  kinase  for  normal  growth.  The  ER-  cells  were  not  dependent  on  activity  of 
p70/S6  kinase  for  growth,  as  were  the  ER+  parental  cell.  This  observation  suggests  that 
progression  from  an  ER+  to  an  ER-  phenotype  involve  alteration  of  signaling  pathways  within 
the  cell.  Signaling  at  the  cell  membrane  will  be  analyzed  by  western  analysis  of  ErbB  family 
members  and  components  of  the  Ras/Ra£MAP  kinase  pathway  will  be  analyzed  to  determine  if 
there  is  a  general  decrease  in  activity  of  this  pathway  in  the  ER-  cells.  Growth  will  also  be 
analyzed  in  the  presence  of  the  inhibitor  LY294002,  a  specific  inhibitor  of  P-I-3  kinase  to 
determine  if  growth  of  these  cells  is  dependent  on  cross-talk  between  the  P-I-3  kinase  and  MAP 
kinase  pathways. 
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Figure  3  Growth  of  ER-  cell  is  inhibited  only  in  the  presence  of  the  MAP  kinase  inhbitor 
U0126.  Panels  on  the  left  represent  proliferation  of  breast  cancer  cells  in  normal  growth 
media,  vehicle  or  lOuM  U0126.  Cell  number  wa  quantified  from  triplicate  cell  cultures 
every  48  hours.  U0126  was  added  to  media  every  24  hours  to  a  final  concentration  of 
lOuM.  Panels  on  the  right  represent  growth  in  the  presence  of  normal  growth  media, 
vehicle  or  200nM  rapamycin.  Cell  number  wa  quantified  from  triplicate  cell  cultures 
every  48  hours.  Rapamycin  was  added  to  media  every  24  hours  to  a  final  concentration 
of 200nM.  Growth  of  ER+  cells  is  inhibited  in  the  presence  of  rapamycin  while  ER- 
cells  maintain  proliferation. 


Key  Research  Accomplishments 

•  Analyzed  ER+  and  ER-  breast  cancer  cell  lines  for  expression  and  activation  of  MAP 
kinase 

•  Analyzed  ER+  and  ER-  breast  cancer  cell  lines  for  expression  and  activation  of 
p70/S6  kinase 

•  Determined  effect  of  p70/S6  kinase  inhibition  on  growth  of  ER+  and  ER-  breast 
cancer  cell  lines 

•  Determined  effect  of  MAP  kinase  inhibition  on  growth  of  ER+  and  ER-  breast  cancer 
cell  lines 
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